SUMMARY The prevalence of methane production in an adult population of 256 subjects was 41%, but it was significantly higher in females (49 %), than males (33 %). When the population was subdivided into ethnic groups, Caucasians (48 %) and Blacks (45 %) had significantly more methane producers than Orientals (24%) and Indians (32 %). When the ethnic groups were analysed by sex, female Caucasians had the highest prevalence (58 %), significantly more than Caucasian males, Oriental males, and females and Indian males. In contrast with previous studies, a single dose of lactulose was found to significantly increase breath methane concentrations in six out of 12 methane producers, but not in 25 non-methane producers from the population study. In conclusion, any studies on breath methane must take into consideration the ethnic origin of the subjects and, contrary to previous advice, substrate intake, especially undigestible carbohydrates. Furthermore, a single breath sample may miss up to one-fifth of methane producers.
A proportion of intestinal methane produced by anaerobic methanobacteria in the colon is excreted into the breath. ' In one series methane was found in the breath in only one-third of a population of 280 adults. ' There appeared to be a familial tendency and environmental factors were also thought to play a part. The ingestion of non-absorbable carbohydrates, such as lactulose and raffinose, ' 2 appeared not to influence methane production. In this paper we report a study on the prevalence of methane production in a population consisting of four different ethnic groups, together with the acute effect of a single dose of the non-absorbable disaccharide, lactulose, on methane production.
Methods

SUBJECTS
The pulmonary excretion of methane was studied in a population of 256 healthy volunteers from the staff of two hospitals. The subjects were enrolled by two of us (PP, MFB) touring wards and laboratories asking for volunteers. One hundred and eighteen were male and 138 female, with ages ranging from 19 to 59 years with an average of 34 years. None of these subjects was taking antibiotics or laxatives for at least seven days before the sampling. The group was investigated as a whole and then divided into subgroups according to their ethnic origin. This was established by the ethnic characteristics of their appearance and their place of birth. Only three of the 256 subjects (Indians) were related. Duplicate endexpiratory breath samples were collected via a modified Haldane-Priestly tube into 20 ml plastic syringes attached to the side arm of the tube by a three-way stopcock.3 The methane content of both syringes was measured by gas chromatography, using a Carle AGC-311 equipped with a hydrogen flame detector. Breath components were separated at room temperature on a 2 m X 6-10-3 m (length X inner diameter) column, packed with molecular sieve 5A (60-80 mesh). Nitrogen acted as carrier gas at a flow rate of 10-4 m3/min. The value of breath methane production was calculated by comparison with a known standard and by subtracting the methane of room air from the average level of the duplicate samples. Subjects whose corrected values were less than 0.05 t'mol/l (= 1 ppm) were considered to be non-producers.
To determine the value of a single random breath sample in detecting the ability of an indi-951 vidual to produce methane, seven known methane producers, five female (four Caucasian and one Indian) and two Caucasian males, selected for their accessibility, were sampled for between eight and 48 days. In five subjects 14 of these days were consecutive.
The effect of a single dose of 20 g lactulose on methane production was studied in 12 methane producers who were readily accessible for the test. All 12, after a fasting breath sample had been taken as described previously, ingested 20 g lactulose in 30 ml syrup Differences were considered to be significant at the p<0.05 level.
Results
The reproducibility of the duplicate sampling was assessed by comparing the first and the second breath samples. The difference was analysed using the paired t test, which showed no significant difference. Therefore all results are reported as the mean of the two duplicate samples.
The results of long-term random sampling from individual methane producers are shown in Table 1 . As the number of days sampled varied considerably from subject to subject, the results are expressed as number of producing days out of 10. When calculated in this way the overall average daily detection rate for the seven subjects was 82%, although this ranged from 100% down to 46% that is, in subjects who were positive 100% of the time, a single sample would be sufficient to detect methane production, while in the worst case, 46% positivity, at least six samples would be required to exclude methane production positivity. Consecutive sampling in five individuals for 14 days did not reveal any pattern of methane production. However, the number of positive days tended to correlate with the average breath methane concentration on those positive days (r=0 63, P=0 09), but not with the peak methane level.
In the population study 106 of the 256 subjects, or 41%, were methane producers. However, the prevalence of methane production in females, 67 out of 138, or 49%, was significantly greater than in males, 39 out of 118, or 33% (P=0-025). Dividing the population into four ethnic groups, Caucasian, Black, Oriental, and those originating from the subcontinent of India, gave methane production rates of 48%, 45%, 24%, and 32% respectively ( Table 2 ).
The Caucasian females had significantly higher methane production rates than Caucasian males and both Oriental males and females (P<0-025) as well as Indian males (P<0-05). These differences were not related to age, as the ages in all groups were similar. Furthermore, these differences could not be explained by the large number of subjects who were borderline positive-that is, 0.05 to 0.09 ,umol/l as opposed to negative. If anything, the difference between Caucasian males and females would be increased if the lower limit of positivity had been raised to more than 0-09 ,imol/l (Table 2) . Twenty-seven of the subjects were cigarette smokers and had smoked on the day of the breath sample. Only 10, or 37%, of these were methane producers, a figure which was not different from the overall percentage. Furthermore, eight 8-2
In five subjects, marked *. this sampling included a period of 14 consecutive days. The correlation between the number of days producing out of 10 versus the average breath methane concentration of the positive days is r=0-626 (p=0-09).
Studies on breath methane: the effect of ethnic origins and lactulose ,umol/l after 90 minutes (P=0-025) and to 0 91 ±024 ,umol/l at 120 minutes (P=0.025) (Figure) . Moreover, in this group only six showed a rise in the breath methane during the test, while the other six remained constant and at their baseline level. The rise was observed in those who had the highest baseline levels ( Figure) (r=0 89, P=0-00005). In contrast, none of the 25 non-methane producers excreted any methane after the lactulose ingestion, whereas 22 of them showed a significant rise in breath hydrogen level.
Discussion
We were interested to find differences in the overall incidence of methane producers of 41% compared with previous reports of 35%, and 70%. In contrast with previous studies we have shown that lactulose ingestion can increase methane production. This should not be surprising, as hydrogen and carbon dioxide are end-products of bacterial metabolism of lactulose and may be substrates for methane production by methanogenic bacteria.7 It is of interest, however, that half the subjects did not increase breath methane levels when given lactulose, despite rises in hydrogen production and the presence of baseline levels of methane. This indicates that available substrate does not ensure methane production in the presence of methanogenic bacteria.
Non-methane producers never had detectable breath methane after administration of 20 g lactulose; though most of them produced hydrogen. This was not surprising, as it would be unlikely that the acute administration of lactulose could alter the bacterial flora over such a short time. This study shows that many factors play a part in determining the ability of an individual to produce methane and the significance of this ability on the host has yet to be determined. For example, a previous study has shown an increased incidence of methane production in patients with carcinoma of the bowel.8 The mechanisms by which methane is produced appear to be multiple and may vary from one moment to another within the same individual, thus suggesting alterations in the metabolism of methanogenic bacteria within that individual or even alterations in the composition of the bacterial flora itself.
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